Abstract-In order to maintain the viability of probiotic, the used of prebiotic is important. Aloe vera has been hypothesized to be a prebiotic potential for probiotic. Due to low viability of encapsulated cells, Aloe vera gel was used to be part of enacapsulating matrices for probioctic, Lactobacillus acidophilus. As a result, optimization of Aloe vera gel with sodium alginate was carried out in order to determine the maximum encapsulation yield. Face centered composite design-response surface methodology (FCCD-RSM) was employed to optimize the sodium alginate concentration and Aloe vera gel (prebiotic) composition during microencapsulation process in performing a better encapsulation yield for L. acidophilus. The encapsulation yield (EY) of encapsulated L. acidophilus was investigated with respect to two variables which were sodium alginate (X 1 ) and Aloe vera gel (X 2 ). Result obtained with polynomial regression model used in this study showed highly significant (0.0013) with R 2 value was 0.9138. Aloe vera gel was showed highly significant (p<0.05) effect to the encapsulation yield. The optimum Aloe vera gel and sodium alginate were obtained at 1.12% (v/v) and 1.28% (w/v), respectively. Based on the verification process, the experimental and predicted results were showed not significant difference (p< 0.05).
INTRODUCTION
Probiotic are good bacteria that have become popular since the past 20 years as a food supplement that when consumed will give a beneficial effects on the host by improving its intestinal microbial balance [1] [2] [3] [4] . Probiotics that are most commonly been investigated belong to the Lactobacillus and Bifidobacterium species, which are Gram-positive, lactic acidproducing bacteria that constitute a major part of the normal intestinal microflora in animals and humans [5, 6] . Although they are still being studied, probiotics may help several specific illnesses such as reduced risk factors for colon cancer, treating childhood diarrhea, normalized the intestinal microbial and many other. In order to get a positive result for the health effect, the International Dairy Federation has recommended the intake of consumption must be at least 10 7 CFU/mL [3, 4] . However, most of the studies that have been conducted found that these bacteria are not able to survive when expose to the gastrointestinal tract and resulting only a small amount reaches the intestine [3] . This is because some of the probiotic bacteria do not have the ability to last in the bad conditions such as high acidity and bile salts that presented in the gastrointestinal tract [7] .
In improving the stability of probiotics in the body researchers have done studies on the prebiotic which defined as "non-digestible food ingredients that beneficially affects host health by selectively stimulating the growth and/or activity of one or a limited number of bacteria in the colon" [8] . They have the resistance effect on the gastric acid condition and hydrolytic enzymes, so it may pass unhydrolysed to the colon and be fermented by the resident microbiota [9] . Therefore, prebiotic can be used to stimulate certain members of the resident microbiota to grow and thus provide potential health benefits to the host.
In addition, protection of probiotics with microencapsulation method has now been well-received as an effective way in enhancing the viability in food products and in the intestinal tract [10, 11] . There are several methods of microencapsulation such as extrusion, emulsion, drying and spray coating technique. It has been reported that the most common matrix used in microencapsulation study were alginate, starch, gelatin and chitosan [11] . Sodium alginate is a natural polysaccharide and is currently the most widely used in the study of microencapsulation [12] .
Both prebiotic and microencapsulation process give beneficial effect in increasing the viability of probiotic bacteria not only in the intestine but also during the gastrointestinal tract exposure when it be consumed. The purpose of this study was to optimize the composition of prebiotic and sodium alginate in encapsulating matrix for probiotic using Response Surface Methodology (RSM). In this study, Aloe vera been used as the prebiotic composition and Lactobacillus acidophilus act as the probiotic.
II. MATERIALS AND METHODS

A. Microorganism preparation
Lactobacillus acidophilus was used in this study. L. acidophilus was sub-cultured from stock culture (15% glycerol) in initial 10 mL of de man Rogosa and Sharpe (MRS) broth (LabM Limited, Lancashire, United Kigdom) at 37⁰C for 24h under anaerobic condition to activate the culture. Anaerobic conditions were achieved using an anaerobic jar. The resulting cultures (10% v/v) were then transferred into 9 mL new MRS broth and incubated for 48 h under the same condition to obtain a cell density of about 10 7 colony forming units (CFU)/mL. The calculation to obtain the desire density as shown below: CFU/mL = ( no. of colonies × dilution factor ) Volume of culture plate Culture were harvested by centrifugation at 5000 rpm at 4⁰C for 20 min and then the cells were mixed with 5 mL MRS broth for further experiment.
B. Experimental design for response surface methodology (RSM)
Response surface methodology (RSM) was employed to investigate the variation of encapsulation yield with respect to two different parameters which were sodium alginate and Aloe vera gel. The composition of both factors was designed by central composite design (CCD) approach. CCD is a 2 k factorial design with star points and central points [13] . The factors and their composition ranges are sodium alginate (Sigma-aldrich, United Kigdom) as the core material (X 1 ) from 0.75% to 2.0% and Aloe vera gel as the prebiotic in the matrix beads (X 2 ) from 1.0% to 2.0%. Each independent variable was coded at three levels between -1 and +1 and was changed in the ranges shown in Table 1 . Where Y is the response (EY of encapsulated cells, %), βo is the constant; β 1 and β 2 are the linear; β 11 and β 22 are the quadratic, and β 12 is the interaction effects, respectively. X 1 and X 2 are the independent variables. The statistical software package Design-Expert version 6.0.6, State-Ease Inc., Minneapolis, USA was used for regression analysis of experimental data and to plot response surface. Aloe vera gel, % 1.00 1.50 2.00
C. Microencapsulation of microorganism
The cells were encapsulated by using the extrusion technique as described by Krasaekoopter et al. [8] with a modification using response surface methodology (RSM). The alginate mixture was prepared by adding 0.75% -2.0% (w/v) of sodium alginate into 30 mL of distilled water and sterilized at 121°C for 15 min. After cooling, the cell suspension was mixed in the alginate mixture together with Aloe vera gel (1.0% -2.0 % v/v) and leaves stirred to ensure the composition was well mixed during the encapsulation process. Both compositions have been added based on the designs as shown in Table 2 . Then this mixture was extruded into 100 mL of hardening solution containing a multivalent cation (Ca 2+ in the form of CaCl 2 ) to form capsule beads by using a syringe (21G). The beads formed were then allowed to harden for 1 h. Then, the beads were be transferred and immersed in 100 mL of 0.4% (w/v) chitosan (as the coating material for the beads) for 1 h in the orbital shaker at 150 rpm. The beads were then harvested, filtered and washed with distilled water before transferred to a sterile SCHOTT DURAN® laboratory glass bottles with screw caps containing sterile distilled water and kept in 4 ⁰C for further analysis.
D. Encapsulation yield (EY %)
Encapsulation yield was determined by released the entrapped probiotic from the matrix. The encapsulation yield (EY) was calculated according to the formula below (Eq. 2) :
Where N is the number of viable entrapped cells released from the beads and N 0 is the number of free cells added to the biopolymer mix during the encapsulation process. The released activity was done by using phosphate buffer (0.1 M, pH 7.0) due to phosphate ions chelate calcium thereby weakening the alginate for effective released of cells [14] . The homogenized sample was diluted to appropriate concentration and spread on MRS agar. The sample plates were then incubated at 37⁰C for 48 h in anaerobic condition. The encapsulated cells were calculated as log 10 cfu/mL. 
E. Statistical Analysis
All the experiments were carried out in duplicates. Data from the face central composite design (FCCD) were subjected to the regression analysis to obtain the parameter estimated for the mathematical model. The regression analysis and analysis of variance (ANOVA) for FCCD were carried out using the Design Expert Software 6.0.6. Then, after the verification process, the data were analyzed by using the Minitab 16 Statistical Software.
III. RESULTS AND DISCUSSION
A. Optimization of EY by response surface methodology (RSM)
It has been demonstrated that RSM gave rise to the evaluation of effects of multiple parameters on response variables [13] . In order to minimize the number of experimental runs and time for optimization of encapsulation, a two-factor central composite design (CCD) was carried out based on the coded level from two independent variables (Table 1 ) and this has lead only thirteen simplified experimental set ( Table 2 ). The results of the encapsulation yield (EY) are presented also in Table 2 . Encapsulation of probiotic with sodium alginate of 1.38% (wt/v) and Aloe vera gel of 2% (wt/v) had caused in highest EY (89%) obtained (Fig. 1) .
To determine the optimal condition of encapsulation yield and the relationship with the significant variables, statistical analyses of ANOVA was performed through a join test of two parameters (Table 3) . From the analysis the quadratic model was significant at the level of p < 0.05. Thus, a polynomial regression model equation was fitted as follows:
where X 1 is the sodium alginate and X 2 is Aloe vera gel. From the regression coefficients and p-value, the quadratic term of Aloe vera gel (X 2 ) had significant effect on the encapsulation yield (p < 0.05), whereas the sodium alginate (X 1 ) shows an insignificant (p > 0.05) to the response used in this study.
From the data obtained it shows that although increasing in alginate may not cause a different in improving the response but the functional properties of alginate as supporting material is important in forming the beads. Alginate is a linear heteropolysaccharide of D-mannuronic and L-guluronic acid which they can caused the divalent cations (in this case Ca 2+ from CaCl 2 ) form a cross-linking with the alginate polymer [8, 15, 16] . The model with not significant "Lack of Fit" is appropriate for the description of the response surface [17] . Benefits of this model can then be identified based on the coefficient determination (R 2 ). The higher the R 2 value (more than 0.85), shows the higher correlation between experimental results with the predicted. In this study, the value of R 2 for encapsulation yield was 0.9138.
The response surface plot simulated by the adjusted model is shown in Fig. 1 . The 3D plot were obtained by plotting the EY % on the Z-axis against two factors which are Aloe vera (Y-axis) and alginate (X-axis). The other variables at their "0" level (center point value). 
B. Verification
The optimum composition of alginate and Aloe vera gel were obtained by considering the desired responses that were set at maximum encapsulation yield. When the formulation of encapsulating matrices were in the maximum range (alginate,1.61% and Aloe vera, 2.00%), the expected result for the response (EY) was 84.3 %. But in this case, we have selected the minimum formulation for both but the response shows a maximum percentage. This is due to emphasize future circumstances for the production of which can conserve materials but give satisfactory results. Therefore, the optimal compositions for alginate and Aloe vera gel were 1.12% (v/v) and 1.28% (w/v), respectively. Additional experiments were carried out in order to verify the optimum combination of encapsulation process on the desired response. As shown in Table 4 , the response value derived from the verification experiment shows not significant different (p<0.05) to the CCD-based prediction with low error percentage between these two data. 
IV. CONCLUSION
We have demonstrated the optimization of encapsulation conditions for Lactobacillus acidophilus with prebiotic by using the response surface methodology (RSM). The encapsulation yield of the cells was significantly affected by the alginate concentration and the prebiotic composition resulting the combination for both compositions can be useful as encapsulating matrices for probiotic application in maintaining the viability of the cells.
